Purpose The aim of our study was to determine whether there are any differences in the cumulus cell gene expression profile of mature oocytes derived from modified natural IVF and controlled ovarian hyperstimulation cycles and if these changes could help us understand why modified natural IVF has lower success rates. Methods Cumulus cells surrounding mature oocytes that developed to morulae or blastocysts on day 5 after oocyte retrieval were submitted to microarray analysis. The obtained data were then validated using quantitative real-time PCR. Results There were 66 differentially expressed genes between cumulus cells of modified natural IVF and controlled ovarian hyperstimulation cycles. Gene ontology analysis revealed the oxidation-reduction process, glutathione metabolic process, xenobiotic metabolic process and gene expression were significantly enriched biological processes in MNIVF cycles.
Introduction
Since its first introduction in 1978 [1] , IVF in a natural menstrual cycle has mostly been replaced with stimulated IVF due to its high cancellation and low pregnancy rate. The use of exogenous gonadotropins in combination with GnRH analogues for controlled ovarian hyperstimulation (COH) raises the number of oocytes retrieved and thus improves the results of IVF procedures [2] , with cumulative pregnancy rate being approximately 63 % after 4 cycles [3, 4] . However, the use of COH is associated with serious clinical problems like multiple pregnancies [5] and ovarian hyperstimulation syndrome (OHSS) [6] .
In recent years, there has been a tendency towards the use of milder IVF stimulation protocols and patient friendlier IVF [7] . Modified natural IVF (MNIVF) is considered to be patient friendlier and cheaper than COH cycles [8] . Furthermore, it does not have the adverse effects of the stimulated cycles and it probably offers the best follicular environment for oocyte maturation [9] . The problem of natural IVF is in the high cancellation of oocyte retrieval due to premature LH surge and consequently spontaneous ovulation [10, 11] , and low Capsule: The purpose of our study was to compare cumulus cell gene expression between unstimulated and stimulated IVF cycles to determine whether differences in gene expression could reveal why unstimulated IVF has lower success rates. pregnancy rates [12] . However, it can be repeated on a monthly basis, which improves its overall success rate [8] , with cumulative pregnancy rate being 46 % after 4 cycles [13] .
The acquisition of quality oocyte and consequently quality embryo during folliculogenesis relies on bidirectional communication between oocyte and its surrounding cumulus cells (CC) [14, 15] . This means that CC gene expression pattern is an indirect marker of oocytes' state [16] . Cumulus cells represent a convenient biological material for gene expression studies since they are easily obtainable and discarded during the IVF procedure. Cumulus cells gene expression analysis can provide information about the factors influencing folliculogenesis [17] , furthermore it has been proposed as a non-invasive method for oocyte and embryo quality assessment [18, 19] .
The impact of COH on embryo morphology in humans has already been characterized, and no differences were found between embryos deriving from natural or stimulated cycles [20] moreover, excessive response to ovarian stimulation was shown to have no negative impact on embryo quality as assessed by morphology [21] . However, limited information are available on the impact of COH on the molecular level and to date, and the best of our knowledge, one study comparing CC gene expression between MNIVF and COH cycles has been published [9] .
Besides that, human ovarian folliculogenesis is far from being understood and thus, a study of CC gene expression profile derived from MNIVF, is probably the best way to improve our understanding of the underlying mechanisms and pathways of this process, as it is known that the use of exogenous gonadotropins causes changes in CC gene expression profile [22] . Understanding folliculogenesis is fundamental for optimisation of ovarian stimulation protocols and in vitro maturation processes.
According to the aforementioned background, our hypothesis states that there are no gene expression differences between CC of MNIVF and COH deriving from oocytes that developed to the morula or blastocyst stage on day 5 of IVF. Also, we aimed to determine whether we could find the reason for lower success rates of MNIVF cycles by analysing CC gene expression.
Materials and methods

Patient selection and experimental design
The study was approved by the National Medical Ethics Committee of the Republic of Slovenia, and all patients signed informed consent. Seventeen patients (n =17) undergoing conventional IVF for tubal cause of infertility were included in the study. Patients included were under the age of 35, had the body mass index (BMI) between 17 and 26 kg/m 2 and normal partners spermiogram according to the WHO criteria. All patients first underwent MNIVF followed by a COH cycle. Cumulus cells were collected after oocyte retrieval. The RNA from CC was isolated and gene expression analysis was performed by microarrays. The quantitative real-time PCR (qPCR) analysis was used to validate the selected genes. All CC used for analyses derived from MII oocytes, which developed into morulae or blastocyst on day 5 of the IVF cycle. Microarray analysis was performed on 8 individual CC samples, derived from the first 5 patients included in the study. Altogether, 3 CC samples from MNIVF and 5 CC samples from COH cycles were included in the microarray analysis. The oocyte was not retrieved from 2 patients in the MNIVF cycle. For qPCR validation analysis the CC samples from following 12 patients were added. Altogether, the qPCR analysis was performed on 33 individual CC samples; 15 derived from MNIVF and 18 from COH cycles. Table 1 represents the patients and the number of their individual CC samples included in the study.
Stimulation protocols and oocyte retrieval
Transvaginal ultrasonographic examination was made on day 9 of the MNIVF cycle. The measurement of serum estradiol [23] . Stimulation protocols and oocyte retrieval was performed according to long or short COH protocols. Briefly, buserelin acetate (Suprefact; Hoechst AG, Frankfurt/Main, Germany), was administered subcutaneously from day 22 of menstrual cycle in long protocols. Ggonadotropin folitropin alpha (Gonal F; Industria Farmaceutica Serono S.p.A., Bari, Italy) was administered subcutaneously when the criteria for ovarian desensitization were fulfilled. In short protocols gonadotropin folitropin alpha (Gonal F; Industria Farmaceutica Serono S.p.A., Bari, Italy) was administered subcutaneously from day 2 of the menstrual cycle. Cetrorelix acetate (Cetrotide; Asta Medica AG, Frankfurt, Germany) was administered subcutaneously when the dominant follicle measured 13 mm in diameter. Ten thousand IU of HCG (Pregnyl; N.V. Organon) was administered in both protocols when at least three follicles measured ≥17 mm in diameter and serum estradiol exceeded 0.40 nmol/l per follicle. Ultrasound guided transvaginal oocyte aspiration was performed 34-36 h after HCG administration.
Cumulus cells collection and oocyte follow up
A part of CC surrounding a single oocyte was removed by using a sharp needle immediately after the retrieval of cumulus-oocyte complex (COC). Individual CC samples were washed in PBS, snap-frozen in liquid nitrogen and stored in vials at −80°C until RNA isolation.
The oocytes were cultured individually in the Universal IVF Medium (MediCult a/s, Jyllinge, Denmark) and fertilization was carried out 2 h after oocyte retrieval. The fertilization status was assessed after 24 h. Embryos were later cultured in a sequential media (BlastAssistSystem; MediCult, Denmark) and one or two embryos at the stage of morulae or blastocyst were transferred on day 5 after oocyte retrieval; supernumerary good quality blastocysts were cryopreserved.
Implantation was assessed 14 days after embryo transfer using serum β-HCG measurement. Transvaginal ultrasound was performed 4 weeks after embryo transfer to confirm intrauterine pregnancy and the number of gestational sacs with heartbeat activity.
RNA preparation
Total RNA was extracted using TRI reagent (Sigma -Aldrich, St. Louis, USA) according to manufacturer's instruction with small modification due to the small sample volume. Briefly, CC from individual follicle were homogenized in 500 μL TRI reagent supplemented with 125 μg of glycogen. Glycogen (Ambion, Woodward, USA) was used as a carrier to increase the RNA yield. One hundred μl of chloroform was added after incubation at room temperature and the sample was vortexed vigorously. Aaqueous phase was transferred and RNA precipitated with 250 μL of isopropanol after 15 min centrifugation at 12,000 x g and 4°C. RNA pellet was washed 3 times with 75 % ethanol after 25 min centrifugation at 12,000 x g and 4°C. Total RNA was resuspended in 15 μL of RNase-free water and stored at −80°C. The integrity of RNA was assessed on Agilent 2100 Bioanalyzer (Agilent, Palo Alto, CA, USA) to assure high quality of total RNA; the RIN number was more than 7 for each sample. Total RNA quantity and purity was measured with a Nanodrop ND-1000 spectrophotometer (Nanodrop Techonologies Inc., Wilmington, DE, USA).
Transcriptome analysis
Transcriptome analysis was performed using the GeneChip Human Gene 1.0 ST Arrays (Affymetrix, Santa Clara, USA). Array hybridizations were performed according to manufacturer's recommendations. Two hundred ng of RNA was amplified and converted to cDNA using the WT Expression Kit (Ambion, Austin, USA). The resulting cDNA was fragmented and labeled using the GeneChip WT Terminal Labeling and Controls Kit (Affymetrix, Santa Clara, USA) and hybridized to the arrays for 16 h.
The arrays were washed using GeneChip Fluidics Station 450 according to manufacturer's recommendations, and scanned on the Affymetrix GeneChip Scanner 3000 7G. The images were analyzed by Affymetrix GeneChip Command Console software and quality of data checked by Affymetrix GeneChip Expression Console software.
Data were processed and analyzed using different R/ Bioconductor packages [24] . Data were normalized using the RMA algorithm from the XPS package. Annotation of genes and data representation was managed using ANNAFFY and AFFYCORETOOLS packages. The raw and normalized gene expression data together with experimental information were deposited to Gene Expression Omnibus database (http:// www.ncbi.nlm.nih.gov/geo/query/acc.cgi?token= oxwbcoywpbmxnmb&acc=GSE43684) in compliance with MIAME standards, under series accession number GSE43684.
A mixed model analysis of variance using LIMMA package was used to assess the differential expression of genes between the two IVF procedures using patients as a mixing variable and controlling the false discovery rate (FDR) [25] at significance level α =0.05. Gene set enrichment analyses were performed using Parametric Gene Set Enrichment Analysis (PGSEA) package in combination with LIMMA package using an equal statistical modelling as for individual genes and controlling FDR at significance level α =0.05. Gene sets related to different KEGG pathways were tested for their enrichment and sorted by their enrichment scores. Gene Ontology (GO) analysis of differentially expressed genes was performed using GeneCodis [26] .
Quantitative real-time PCR Quantitative real-time PCR (qPCR) was used to validate 7 selected differentially expressed genes using TaqMan® Gene Expression pre-designed assays (Applied Biosystems, Foster City, USA).
Genomic DNA contamination was eliminated by DNAse treatment using DNAse I (Roche, Basel, Switzerland). cDNA for qPCR assays was prepared from 150 ng DNased RNA using SuperScript RT III (Invitrogen, Carlsbad, USA) in 20 μl final volume. Following cDNA synthesis, RNase-free water was added to increase the sample volume to 40 μl. All qPCR reactions were performed in triplicates in 384-well formats in a 10 μl final volume. The measurements were performed using LightCycler® 480 System (Roche Applied Science, Penzberg, Germany).
Selection of candidate genes for qPCR validation was based on the microarray results and using different parameters. We focused on the genes with absolute FC ≥1.3 and p value <0.05, with a special emphasis on those genes that are known to be involved in the process of folliculogenesis and those that have already been described as potential biomarkers of oocyte competence (lymphatic vessel endothelial hyaluronan receptor 1 (LYVE1); cytochrome P450, family 3, subfamily A, polypeptide 4 (CYP3A4); hydroxysteroid-17-beta dehydrogenase 11 (HSD17B11); insulin-like growth factor 2 (IGF2); glutathione peroxidase 3 (GPX3 ); regulator of G-protein signaling 2 (RGS2); histone cluster 1, H4c (HIST1H4C)). Normalized mRNA levels were obtained by dividing the averaged, efficiency corrected values for mRNA expression by normalization factor, calculated from peptidylpropyl isomerase B (PPIB) and ribosomal protein, large, P0 (RPLP0) values, that were used as an internal control, and were expressed in arbitrary units [27] . The resulting values were log2 transformed for graphical representation.
Results
The study population and IVF cycle characteristics (age, body mass index (BMI), pregnancy rate and delivery rate) are presented in Table 2 . Age and BMI were comparable between the two groups. As expected, significant differences were observed in pregnancy and delivery rate.
Microarray analysis
We analyzed the differences in gene expression profile of individual CC samples derived from both MNIVF and COH cycles. There were 66 differentially expressed genes between MNIVF and COH cycles and only one differentially expressed gene when CC of morulaes and blastocysts were compared (Fig. 1 ). Among 66 differentially expressed genes, 64 showed increased and 2 decreased expression in the MNIVF cycles when compared with COH cycles (Table 3) . Functional characterization of differentially expressed genes using PGSEA of KEGG pathways yielded enrichments of olfactory transduction, RNA degradation, RNA transport, neuroactive ligand-receptor interaction, ribosome biogenesis in eukaryotes and ribosome (Table S1 ). The list of differentially expressed genes was subjected to GO analysis to determine which biological processes were significantly overrepresented (p value <0.05). Processes such as glutathione metabolic process, xenobiotic metabolic process, oxidationreduction process and gene expression were represented in the list (Table S2) .
We wanted to determine whether the age of included patients, regardless of therapy, affected the expression of oxidation-reduction process gene set. The Pearson correlation coefficient between oxidation-reduction process gene set (GPX3, SOD2, GSTA1, GSTA2, GSTA3) and the patients age was low and non-significant (Table S3) .
Microarray validation by qPCR
Expression levels of 7 genes were checked using qPCR for microarray data validation. The checked genes were IGF2, LYVE1, RGS2, GPX3, HIST1H4C, HSD17B11 and CYP3A4. Six (n =6) of the selected genes showed increased expression and IGF2 showed decreased expression in MNIVF cycles according to the microarray data. The differential expression between MNIVF and COH CC could be confirmed by qPCR for 6 out of the 7 selected genes (86 %) (Fig. 2) . Two out of 7 candidate genes selected for the qPCR analysis were significantly differentially expressed following the qPCR analysis between MNIVF and COH cycles: IGF2 (p =0.02), which showed decreased expression in MNIVF, and GPX3 (p =0.002), which showed increased expression in MNIVF. RGS2, which showed increased expression in MNIVF, showed a tendency to be differentially expressed (p =0.07) ( Table 4) .
Discussion
The results of this study have shown that the gene expression profile of CC derived from MNIVF differs from those derived from COH cycles even between MII oocytes that develop to morulae or blastocyst stage on day 5 after oocyte retrieval.
The most pronounced changes are seen with genes involved in the oxidation-reduction process.
In our previous study [17] we have discovered that there are no differences in CC gene expression between unfertilized oocytes and those that developed to the blastocyst stage. Thus, we did not expect differences in CC gene expression between moruales and blastocysts. We have confirmed this, as comparison of CC gene expression between morulaes and blastocysts resulted in a single differentially expressed gene and no enrichment of KEGG pathways. The differentially expressed gene is vault RNA 1-2 (VTRNA1-2), whose potential role in human ovarian folliculogenesis has not yet been established.
Among 66 differentially expressed genes, 64 show increased expression and 2 show decreased expression in CC derived from MNIVF as compared to COH cycles. In GO analysis of differentially expressed genes glutathione metabolic process and oxidation-reduction process are overrepresented. In the group of genes related to these two processes there are GPX3, glutathione S-transferase alpha 1, 2 and 3 (GSTA 1, 2, 3 ) and superoxide dismutase 2 (SOD2). The correlation between patients' age and log2 expression values for genes related to oxidation-reduction process, regardless of therapy, is not statistically significant. A negative correlation between age and gene expression of genes involved in defense against reactive oxygen species (ROS) in follicles is well known and has been reported in several studies [28] [29] [30] [31] . It seems that in our study we have controlled this effect by including patients of similar age and younger than 35 years, which is proved by a non-significant correlation (Table S3 -Regardless of therapy). When therapy is taken into account the most age sensitive according to our data are GSTA genes (Table S3 -COH vs MNIVF). The role of ROS in human reproduction has been well described [32] . It seems that ovarian ROS production is triggered by LH and is essential for ovulation, as the use of antioxidants significantly reduces ovulation rate, prevents LH-induced cumulus expansion, lowers progesterone secretion and down-regulates genes essential for ovulation [33] . However, pathological levels of ROS in follicular fluid diminish oocyte and embryo quality [34] [35] [36] and hava a negative impact on IVF outcome [37] . Increased percentage of ROS producing granulosa cells (GC) has a negative impact on the number of oocytes retrieved and diminishes implantation rate in IVF procedures [38] . GPX3 catalyzes the reduction of free hydrogen peroxide, organic hydroperoxide and lipid peroxides and protects cells against oxidative damage [39] . GPX3 has also been proposed to be a marker of poor embryo quality as it was down-regulated in CC of early-cleaving embryos and up-regulated in CC of nonearly cleaving embryos [40] . Glutathione (GSH) function in oocytes is mainly related to antioxidative properties [41] furthermore, it protects the oocyte's meiotic spindle against oxidative damage [42] . Glutathione S-transferases (GSTA ) provide protection against cellular oxidative stress through neutralization of a wide range of hydrophobic and electrophilic endogenous compounds or xenobiotics by catalyzing their conjugation to reduced GSH [43] . The expression of GSTA 1 and GSTA2 is modulated by gonadotropins in the developing [44] . Since the highest level of GSTA expression was in steroidogenically active cells it has been proposed, that the role of GSTA may be linked to oxygen stress induced by ROS generated during steroidogenesis. Superoxide dismutases (SOD ) are a group of enzymes that reduce superoxide anion to hydrogen peroxide and molecular oxygen [45] . In our study, GPX3 , GSTA1, GSTA2, GSTA3 and SOD2 showed increased expression in MNIVF cycles and thus, suggesting higher exposure of the developing follicle to ROS than in COH cycles. This finding is in agreement with that of de los Santos et al. [9] and Jančar et al. [46] , where follicular fluid LH concentration was significantlly higher in MNIVF cycles as compared to COH cycles. Higher LH concentration suggests that in MNIVF cycles there is a spontaneous LH surge, despite the early administration of HCG in the late follicular phase. In unstimulated IVF, the optimum timing for HCG injection is difficult to determine, as we do not measure LH concentrations continuously over the 24 h. It is known that the start of the LH surge is more important than the LH peak itself. This has already been discussed in a paper by Lenton [11] where cycle-failure rate was 24 % in MNIVF due to the timing of oocyte retrieval which was either too early or too late. Furthermore, fertilization rate and clinical pregnancy rate were found to be dependent on the optimum timing of oocyte retrieval after HCG injection. As LH surge triggers acute inflammation and ROS production in the ovary [47] , it is reasonable to expect that higher levels of LH lead to higher ROS production in MNIVF. The exposure of only one follicle to excessive inflammation and thus higher ROS levels could have detrimental effects on oocyte quality and success rates of MNIVF.
The most numerous group of differentially expressed genes in this study consisted of small nucleolar RNAs (snoRNAs). There were 18 different types of these genes that showed increased expression in the MNIVF group (Table 3) , which represented almost a third (27 %) of all of the differentially expressed genes. Small nucleolar RNAs are a group of noncoding RNAs involved in posttranscriptional modification of ribosomal and small nuclear RNAs. This modification affects the diversity and structural stability of RNA molecule. A number of tissue-specific snoRNAs have been identified that are believed to be involved in the regulation of gene expression [48] . Ro et al. [49] identified novel snoRNAs that were preferentially expressed in the ovary, suggesting that they might have a role limited to ovarian functions. Further studies are needed in order to reveal their potential physiological role in folliculogenesis. If snoRNAs really are important regulators of gene expression during folliculogenesis, their mutations could lead to defects of this process.
Despite numerous studies comparing MNIVF and COH cycles considering embryo morphology [20] , serum and follicular fluid endocrine profile [44] , embryo implantation rate [50] , DNA ploidy of granulosa cells [51] , and success rates [52] , information about the differences between MNIVF and COH cycles on molecular level are still scarce. To the best of our knowledge there is only one study analyzing differences in CC gene expression between MNIVF and COH cycles [9] . Their results have shown that the use of COH induces changes in CC gene expression, particularly in genes involved in immune processes, meiosis and ovulation pathways; nevertheless these differences do not seem to have an impact on oocyte competence since no differences were observed in the fertilization ability and early embryo morphology. However, these pathways were not among the overrepresented ones in our study. Among the genes that showed higher expression in MNIVF cycles in our study were zinc finger proteins 737 (ZNF737) and ZNF431. This finding is in agreement with that of de los Santos, where ZNF33B was up-regulated in MNIVF cycles. Zinc finger protein has been shown to be involved in the regulation of meiosis in mammalian oocytes [53] . These findings warrant further studies in order to determine the role of zinc finger protein family in human ovarian folliculogenesis.
Conclusion
Our study shows that the differences in CC gene expression between MNIVF and COH cycles exist, mainly for genes related to oxidation-reduction processes and snoRNAs. Since ROS production is more pronounced in MNIVF as compared to COH cycles, it could have a negative effect on the success rates of MNIVF. The reason may lie in the inadequate control of MNIVF cycles and bad timing of oocyte retrieval which leads to the acquisition of poor quality oocytes. Moreover, snoRNAs, were largely represented in the group of differentially expressed genes between MNIVF and COH cycles and they should be addressed in future studies in order to improve understanding of their role in the development of ovarian follicles and competent oocytes.
Limitations
The study's limitation is in the small number of samples used for microarray analysis. In addition, insufficient mRNA yield from some of the samples did not allow us to perform qPCR validation on all of the samples used for microarray analysis. The potential importance of our findings warrant further investigation.
